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(54) Cable modem tuner 

(57) A cable modem tuner (100) includes, in the 
same casing (300), an up-stream circuit (40) to transmit 
an up-stream data signal to a CATV station (118), and 
a reception circuit for receiving a down-stream signal via 
a HPF (2) that removes the up-stream data signal. The 
reception circuit includes a select circuit (18 - 20) that 
selects a signal of a desired frequency band out of one 
of three frequency bands, a signal processing block (37, 
38) including three local oscillation circuits (12 -14) to 
convert a signal of a desired frequency band into an in- 
termediate frequency signal of a desired channel using 



an oscillation signal of a corresponding oscillation cir- 
cuit, and a down converter (58) with a local oscillation 
circuit (50) converting an applied signal into a signal for 
demodulating a received signal. The down converter 
provides a baseband signal used to demodulate a re- 
ceived signal by the QAM when a digital signal modu- 
lated by the QAM is received. Therefore, the cable mo- 
dem tuner includes an analog received signal process- 
ing circuit and a digital received signal processing circuit 
in the same casing, and has a structure particularly suit- 
able to a set top box. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates to a tuner for a 
cable modem. More particularly, the present invention 
relates to a cable modem tuner that can input/output an- 
alog and digital signals via a CATV cable for processing. 

Description of the Background Art 

[0002] In the CATV, a coaxial cable is employed as 
the house drop line. The HFC (Hybrid Fiber/Coax) using 
an optical fiber for the trunk line is now being introduced. 
[0003] The HFC is employed to provide data commu- 
nication service with a broad band of several M bits per 
second to each domestic site. By employing the HFC, a 
high speed data line of the transmission rate of 30 M 
bits/second with a bandwidth of 6 MHz can be provided 
even by the 64 QAM (Quadrature Amplitude Modula- 
tion) system. 

[0004] By using a cable modem for the above high 
speed data line, high speed data communication of 4 M 
bits/second to 27 M bits/second can be realized using 
an available channel of the CATV. 
[0005] Fig. 17 is a schematic block diagram of a con- 
ventional cable modem tuner. Referring to Fig. 1 7, a ca- 
ble modem tuner (referred to as "tuner' hereinafter) 
100A is incorporated in a cable modem 117A. Tuner 
100A is connected to a CATV station 118A via a CATV 
cable 114A, and also to a computer 116A external to 
cable modem 117A. 

[0006] Tuner 1 00A includes a wideband amplifier 101, 
a first mixer circuit 102, a first intermediate frequency 
amplify input tuning circuit 103, a first intermediate fre- 
quency amplifier circuit 1 04, a first intermediate frequen- 
cy output tuning circuit 105, a second mixer circuit 106, 
a first local oscillation circuit 107, a second local oscil- 
lation circuit 108, an up-stream circuit 109, a data ter- 
minal 110 connected to an external QPSK (Quadrature 
Phase Shift Keying) transmitter 115A, an input terminal 
111, an output terminal 112, and a PLL (Phase Locked 
Loop) channel select circuit 1 1 3. 
[0007] As to a CATV signal, the so-called up-stream 
signal and the so-called down-stream signal are oper- 
ated at 5 MHz - 42 MHz and 54 MHz - 860 MHz, respec- 
tively. The up-stream signal is transmitted from input ter- 
minal 1 1 1 of tuner 1 00A towards CATV station 1 1 8A via 
cable 1 1 4A. The down-stream signal is transmitted from 
the end of CATV station 1 1 8 A towards input terminal 1 1 1 
of tuner 1 00A via cable 1 1 4A. The up-stream signal sent 
from tuner 100A is received by the data receiver of 
CATV station 1 1 8 A (system operator) to be input to the 
center computer. As to the up-stream signal within cable 
modem 1 1 7A, a quadrature phase shift keyed data sig- 
nal from, for example, QPSK transmitter 115 is applied 



to data terminal 110. This data signal is transmitted to 
CATV station 1 1 8A via data terminal 110, up-stream cir- 
cuit 109, and input terminal 111. 
[0008] As to the down-stream signal, the data signal 
5 received at CATV station 118A is modulated to, for ex- 
ample, 64 QAM and delivered on cable line 11 4 to cable 
modem 1 1 7 via input terminal 1 1 1 . In cable modem 1 1 7, 
a desired signal is channel-tuned by tuner 100A with re- 
spect to the input data signal. Then, the signal obtained 

10 by channel-tuning is demodulated to 64 QAM by a circuit 
not shown in cable modem 117 A. The demodulated sig- 
nal is subjected to MPEG reproduction and then proc- 
essed by a CPU (microcomputer) not shown. The proc- 
essed signal is applied to TV monitor 116A. 

is [0009] The process of a down-stream signal within 
tuner 1 00A is set forth in the following. The down-stream 
signal input via input terminal 1 1 1 passes through wide- 
band amplifier 101 and then converted into a first inter- 
mediate frequency {= 950 MHz) by first mixer circuit 1 02 

20 and first local oscillation circuit 107. Channel-tuning is 
carried out for the down-stream signal by PLL-control- 
ling first local oscillation circuit 107 with a microcomput- 
er not shown of PPL channel select circuit 113. The first 
IF signal (IF is the abbreviation of intermediate frequen- 
ts C y) obtained by converting the down -stream signal into 
the first intermediate frequency is tuned by first interme- 
diate frequency input tuning circuit 103 and then ampli- 
fied by first intermediate frequency amplifier circuit 104. 
The amplified signal is channel-tuned by second inter- 

30 mediate frequency output tuning circuit 105 and then 
output to second mixer circuit 1 06. The IF signal having 
the first intermediate frequency is converted into a sec- 
ond IF signal by second local oscillation circuit 108 in 
second mixer circuit 1 06. In general, 44 MHz is used for 

35 the second intermediate frequency. The second IF sig- 
nal obtained by conversion is output from output termi- 
nal 112. Here, second local oscillation circuit 108 is PLL- 
controlled by PLL channel select circuit 113, similar to 
first local oscillation circuit 107. The second IF signal 

40 output external of tuner 100A from output terminal 112 
is converted into a baseband signal of 5 MHz by a circuit 
not shown in cable modem 117A. This signal is further 
A/D converted and demodulated according 60 QAM. 
The demodulated signal is subjected to the MPEG proc- 

45 ess to be output from cable modem 117A as a data sig- 
nal. 

[001 0] Since tuner 1 0OA constantly attains a standby 
state, low power consumption is required. Also, interfer- 
ence between each circuit is required in the double con- 

so version type tuner 100A of Fig. 17. For this purpose, a 
casing design of an electrically strictly shielded structure 
must be provided for tuner 100A. Furthermore, a chas- 
sis design must be provided in which each circuit is 
spaced apart and in which interference is reduced. This 

ss js a bottleneck in reducing the size of tuner 1 00A. Local 
spurious disturbance easily occurs caused by interfer- 
ence between each local oscillation circuit of tuner 1 0OA 
to result in communication error. It was therefore not 
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possible to incorporate the circuit that converts the sec- 
ond IF signal into a baseband signal in the same casing 
where tuner 100A is accommodated. 
[0011] In the so-called set top box mounted as a re- 
ceiver on a television set, tuners for a digital signal and $ 
an analog signal are provided for respective channel- 
tuning. This double provision of the same type of tuners 
for the set top box results in redundant circuitry, and be- 
comes a bottleneck in reducing the size and cost of the 
set top box. 

SUMMARY OF THE INVENTION 

[001 2] An object of the present invention is to provide 
a cable modem tuner that can incorporate in the same 
casing both the circuitry for an analog signal and the 
circuitry for a digital signal received via a CATV cable. 
[001 3] According to an aspect of the invention, a cable 
modem tuner is connected tor communication with a 
CATV station via a cable of a broad band, and includes 
a casing in which are incorporated an up-stream circuit 
unit for sending an up-stream data signal to the CATV 
station through the cable, and a receiver unit receiving 
a down -stream signal from the CATV signal for process- 
ing while removing the up-stream signal. 
[0014] The receiver unit includes a select unit, a first 
tuning unit, a high frequency amplify unit, a second tun- 
ing unit, a frequency converter unit, an intermediate fre- 
quency amplify unit, and a signal conversion unit. 
[001 5] The select unit selects and outputs a signal out 
of signals received via the cable, corresponding to a de- 
sired system among a plurality of systems that includes 
at least two systems according to a frequency band. The 
first tuning unit tunes the signal output from the select 
unit to the desired high frequency in respective plurality 
of systems. The high frequency amplify unit amplifies 
the signal output from the first tuning unit in respective 
plurality of systems for output. The second tuning unit 
tunes the signal output from the high frequency amplify 
unit to the desired high frequency in respective plurality 
of systems for output. The frequency converter unit in- 
cludes a first oscillator unit to convert the signal output 
from the second tuning unit into a signal of a desired 
intermediate frequency using an oscillation signal of the 
first oscillator unit in respective plurality of systems. The 
intermediate frequency amplify unit is provided common 
to the plurality of systems to amplify and output the sig- 
nal from the frequency converter unit. The signal con- 
version unit includes a second oscillator unit, and con- 
verts an applied signal into a demodulation signal to de- 
modulate a received signal using an oscillation signal of 
the second oscillator unit. At the receiver unit, the signal 
output from the intermediate frequency amplify unit is 
provided outside when the received signal is an analog 
signal and processed at the signal conversion unit for 
output when the received signal is a digital signal. 
[001 6] In the case where the signal received through 
the cable is an analog signal, the desired analog inter- 



mediate frequency signal is provided outside. In the 
case where the signal received via the cable is a digital 
signal, the demodulation signal used to demodulate the 
digital received signal is output from the signal conver- 
sion unit. Thus, a cable modem tuner can be obtained 
that has the processing circuit unit for an analog signal 
received through the CATV cable and the processing 
circuit unit for a digital signal received through the CATV 
cable in the same casing. 

[0017] When the cable modem tuner is provided at the 
set top box, it is no longer necessary to provide an indi- 
vidual tuner for an analog signal and an individual tuner 
for a digital signal as in the conventional set top box. 
Therefore, redundant circuitry is eliminated in the set top 
box to promote reduction in size and cost. 
[0018] When the down-stream signal received by the 
cable modem tuner is a digital signal that is modulated 
according to the QAM system, the signal for demodula- 
tion is a baseband signal used in demodulating a re- 
ceived signal according to the QAM system. The signal 
conversion unit includes a down converter that converts 
an input signal into a baseband signal by reducing the 
frequency. 

[0019] By using this cable modem tuner, a digital sig- 
nal modulated according to the QAM system can be re- 
ceived, and a signal to demodulate this signal can be 
obtained. 

[0020] The receiver unit further includes an output unit 
receiving a signal from the intermediate frequency am- 
plify unit to provide the signal outside when the received 
signal is an analog signal, and to apply the signal to the 
signal conversion unit when the received signal is a dig- 
ital signal. 

[0021] When the received signal is an analog signal, 
an intermediate frequency signal of a desired channel 
can be provided via the output unit. When the received 
signal is a digital signal, a signal for demodulating the 
digital signal can be obtained. 
[0022] The output unit includes a branching unit that 
receives the signal output from the intermediate fre- 
quency amplify unit to branch the signal into two direc- 
tions. The branching unit is connected to the signal con- 
version unit in one of the two directions, and to the ter- 
minal unit to output a signal in the other direction. 
[0023] When the received signal is an analog signal, . 
an intermediate frequency signal of a desired channel 
can be provided outside via the terminal unit. When the 
received signal is a digital signal, a signal to demodulate 
this digital signal can be obtained from the signal con- 
version unit. 

[0024] When a digital signal modulated according to 
the QPSK system is received, the signal for demodula- 
tion is an I signal and a baseband signal of a Q signal 
used to demodulate the received signal according to the 
QPSK method, and the signal conversion unit is an IQ 
demodulation circuit that converts the received signal 
into an I signal and a baseband signal of the Q signal 
for output. 
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[0025] By using this cable modem tuner, a digital sig- 
nal modulated according to the QPSK system can be 
received through the cable, and a signal for demodula- 
tion can be obtained. 

[0026] The casing is formed of a conductive material. 
The interior of the casing is partitioned into a plurality of 
compartments by a wall of a conductive material to ar- 
range each element of the cable modem tuner. The fre- 
quency converter unit and the signal conversion unit are 
arranged respectively in different compartments among 
the plurality of compartments. 

[0027] Therefore, a shield structure is employed in 
which the frequency converter unit and the signal con- 
version unit in the casing are electromagnetically shield- 
ed to prevent interference between the first and second 
oscillator units, i.e., a structure in which local spurious 
is significantly reduced is employed. Thus, a stable op- 
eration can be realized even when the frequency con- 
verter unit and the signal conversion unit are incorpo- 
rated in the same casing. 

[0028] The casing includes a chassis forming the side 
surface and two caps forming the top and bottom sur- 
faces to shield the casing. One of the two caps is pro- 
vided with a convex portion formed towards the interior 
of the casing, corresponding to the compartment where 
the signal conversion unit is arranged. 
[0029] Therefore, the circuit unit in the casing is effec- 
tively electromagnetically shielded in each compart- 
ment. The compartment where the signal conversion 
unit is arranged has its interior spacing reduced by the 
convex portion of the corresponding cap to further im- 
prove the electromagnetic shielding effect. Accordingly, 
an operation state of high accuracy can be achieved. 
[0030] According to another aspect of the invention, 
a cable modem tuner is connected for communication 
with a CATV station via a cable of a broad band, and 
includes a casing in which are incorporated an up- 
stream circuit unit for sending an up-stream data signal 
to the CATV station through the cable, and a receiver 
unit receiving a down-stream signal from the CATV sig- 
nal for processing while removing the up-stream signal. 
The receiver unit can include a selection unit, a frequen- 
cy converter unit, and a signal conversion unit. The se- 
lect unit receives a signal applied via the cable to select 
and output a signal of a desired one of a plurality of fre- 
quency bands including at least two frequency bands. 
The frequency converter unit includes a first oscillator 
unit corresponding to each of the plurality of frequency 
bands to convert the signal of a desired frequency band 
output from the select unit into an intermediate frequen- 
cy signal of a desired channel using an oscillation signal 
of the first oscillator unit. The signal conversion unit in- 
cludes a second oscillator unit to convert an applied sig- 
nal into a demodulation signal used in demodulating a 
received signal using an oscillation signal of the second 
oscillator unit for output. The signal output from the fre- 
quency converter unit is provided outside when the 
down-stream signal is an analog signal and to the signal 



conversion unit when the down-stream signal is a digital 
signal. 

[0031] In the case where the signal received through 
the cable is an analog signal, a desired analog interme- 

5 diate frequency signal is provided outside. In the case 
where the received signal is a digital signal, a demodu- 
lation signal used in demodulating the digital received 
signal is output from the signal conversion unit. Thus, a 
cable modem tuner can be obtained having the process- 

10 ing circuit unit for an analog signal received through the 
CATV cable and a processing circuit unit for a digital sig- 
nal received through the CATV cable in the same cas- 
ing. 

[0032] The foregoing and other objects, features, as- 
*s pects and advantages of the present invention will be- 
come more apparent from the following detailed de- 
scription of the present invention when taken in conjunc- 
tion with the accompanying drawings. 



[0033] Fig. 1 is a block diagram of a cable modem tun- 
er according to a first embodiment of the present inven- 
tion. 

[0034] Fig. 2 shows an appearance of a casing of the 

cable modem tuner of the first embodiment. 

[0035] Fig. 3 shows the casing of the cable modem 

tuner of Fig. 2 attached to a main board of the cable 

modem. 

[0036] Figs. 4 and 5 are a plan view and a longer side 
view of a chassis according to the first embodiment of 
the present invention. 

[0037] Figs. 6 and 7 are sectional views of the chassis 
of Fig. 4 taken along the direction of A-A and the direc- 
tion of B-B, respectively. 

[0038] Fig. 8 is a plan view of the shield cap of Fig. 2. 
[0039] Fig. 9 is a sectional view of the shield cap of 
Fig. 2 taken along the direction of C-C of Fig. 8. 
[0040] Fig. 1 0 is a front view of the shield cap of Fig. 2. 
[0041] Fig. 11 is a modification of the shield cap of Fig. 
8. 

[0042] Figs. 12A and 12B are enlarged views of the 
partial cut-out portion of Fig. 11. 
[0043] Fig. 13 shows the relationship of connection 
between the cable modem tuner of the first embodiment 
and the peripheral apparatus when the tuner is attached 
to a set up box. 

[0044] Fig. 1 4 is a block diagram of a cable modem 
tuner according to a second embodiment of the present 
invention. 

[0045] Fig. 1 5 is a sectional view of a chassis accord- 
ing to the second embodiment. 

[0046] Fig. 16 shows the relationship of connection 
between the cable modem tuner of the second embod- 
iment and the peripheral apparatus when the tuner is 
attached to a set up box. 

[0047] Fig. 17 is a schematic block diagram of a con- 
ventional cable modem tuner. 



20 BRIEF DESCRIPTION OF THE DRAWINGS 



30 



35 



40 



45 



SO 



4 



7 



EP0 911 962 A1 



8 



DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0048] Embodiments of the present invention will be 
described hereinafter with reference to the drawings. 

First Embodiment 

[0049] A cable modem tuner 1 00 incorporated in a ca- 
ble modem 117 according to a first embodiment of Fig. 
1 (referred to as "tuner 100" hereinafter) is suitable for 
use with the so-called set top box. A baseband signal 
for demodulation according to the QAM system can be 
output from tuner 1 00. 1 n general, a set top box is mount- 
ed above a television set as a receiver to carry out chan- 
nel tuning using an analog or digital signal received from 
a CATV station 118 via a CATV cable 114. 
[0050] The analog IF signal or the baseband signal 
for demodulation according to the QAM system output 
from tuner 100 is transmitted to the television set. The 
television set receives these signals and carries out var- 
ious processes such as detection of the video signal to 
reproduce the video and the like. The set top box is in- 
terposed between CATV station 118 and the television 
set for usage when a data signal is to be transmitted to 
CATV state 118. 

[0051] Tuner 100 includes a reception circuit for the 
UHF band of 470 - 860 MHz, the VHF-HIGH (abbreviat- 
ed as VHFH hereinafter) band of 170 - 470 MHz, and 
the VHF.LOW (abbreviated as VHFL hereinafter) band 
of 54- 170 MHz, respectively. The band division is not 
limited to these three bands. However, the frequency 
band is divided into at least 2 bands. 
[0052] Tuner 100 of Fig. 1 includes a CATV input ter- 
minal 1 to provide communication connection between 
cable 1 1 4 and tuner 1 00, a HPF (High Pass Filter) 2, a 
block 36 with an input circuit and a switch circuit for the 
UHF and VHF, a block 37 with a high frequency amplifier 
and an output tuning circuit for RF amplifier, a block 38 
with a local oscillation circuit and a mixer circuit, an out- 
put terminal 15, AGC terminals 16 and 17, an output ter- 
minal 35, an up-stream circuit 40, a data terminal 41 
connected to, for example, a QPSK transmitter 115 in 
cable modem 117, intermediate frequency amplify cir- 
cuits 42 and 44, a SAW (Surface Acoustic Wave) filter 
43, a PLL channel select circuit 45, a branching unit 46, 
a buffer amplifier 47, and a down converter 58. Down 
converter 58 includes a second intermediate frequency 
amplifier circuit 48, a mixer circuit 49, a local oscillation 
circuit 50, an LPF 51, and a post amplifier 52. 
[0053] Blocks 37 and 38 are integrated as a 1 -chip IC. 
Also, down converter 53 is integrated as an IC. There- 
fore, tuner 100 can be reduced in power consumption. 
[0054] The demodulated data signal applied to data 
terminal 41 of tuner 100 from QPSK transmitter 115 is 
sent to CATV station 1 1 8 as an up-stream signal via up- 
stream circuit 40, CATV input terminal 1 , and cable line 
114. The down-stream signal applied to CATV input ter- 



minal 1 from CATV station 116 via cable 114 passes 
through HPF 2 to be sent to blocks 36 - 38. HPF 2 is a 
filter that has a passing band of 54 MHz and above with 
5 - 46 MHz as the attenuation band. 
[0055] Blocks 36, 37 and 38 include a reception circuit 
group for the UHF band, VHFH band, and VHFL band, 
respectively. In block 36, input select circuits 18, 19, 20 
and input tuning circuits 3, 4, and 5 for high frequency 
amplifier are provided, in block 37, high frequency am- 
plifiers 6, 7, and 8 having their gain controlled by the 
signal level of AGC terminal 1 6 for a high frequency sig- 
nal, and output tuning circuits 21 , 22 and 23 for RF am- 
plifier are provided. In block 33 associated with PLL 
channel select circuit 45, mixer circuits 9, 10, 11, and 
local oscillation circuits 12, 13, and 14 are provided. In- 
put select circuits 18, 19 and 20 switch the input signal 
by a general switching diode, or by a filter with different 
passing bands for the signal. In the present embodi- 
ment, the switching method by a switching diode is em- 
ployed. 

[0056] Any one of the reception circuit groups corre- 
sponding to respective bands attains an operating state 
according to the reception channel. The remaining re- 
ception circuit groups do not operate. For example, in 
the state of channel reception corresponding to the UHF 
band, the reception circuit group of the UHF band, i.e., 
input select circuit 18, input tuning circuit 3 for high fre- 
quency amplifier, high frequency amplifier 6, output tun-, 
ing circuit 21 for RF amplifier, mixer circuit 9, and local 
oscillation circuit 10 are rendered operative. In contrast, 
the reception circuit groups of the VHF and VHFL bands, 
i.e., input select circuits 19 and 20, input tuning circuits 
4 and 5 for high frequency amplifier, high frequency am- 
plifiers 7 and 8, output tuning circuits 22 and 23 for RF 
amplifier, mixer circuits 10 and 11, and local oscillation 
circuits 13 and 14 cease to operate. Similarly, in the 
state of channel reception corresponding to the VHFH 
band, the reception circuit group of the VHF band, i.e., 
input select circuit 19, high frequency amplify input tun- 
ing circuit 4, high frequency amplifier 7, output tuning 
circuit 22 for RF amplifier, mixer circuit 10, and local os- 
cillation circuit 13 are rendered operative, whereas the 
reception circuit groups of the UHF band and VHFL 
band, i.e., input select circuits 18 and 20, input tuning 
circuits 3 and 5 for high frequency amplifier, high fre- 
quency amplifiers 6 and 8, output tuning circuits 21 and 
23 for RF amplifier, mixer circuits 9 and 11, and local 
oscillation circuits 1 2 and 1 4 cease to operate. Similarly, 
in the state of channel reception corresponding to the 
VHFL band, the reception circuit group of the VHFL 
band, i.e., input select circuit 20, high frequency amplify 
input tuning circuit 5, high frequency amplifier 6, output 
tuning circuit 23 for RF amplifier, mixer circuit 11 and 
local oscillation circuit 14 are rendered operative, 
whereas the reception circuit groups of the UHF band 
and VHFH band, i.e., input select circuits 18 and 19, in- 
put tuning circuits 3 and 4 for high frequency amplifier, 
high frequency amplifiers 6 and 7, output tuning circuits 
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21 and 22 for RF amplifier, mixer circuits 9 and 10, and 
local oscillation circuits 1 2 and 1 3 cease their operation. 
The circuits other than those of the reception circuit 
group corresponding to the above-described bands are 
common to all the bands, and constantly operate inde- 
pendent of the band switching, i.e., the reception chan- 
nel. The series of operations of various circuits in tuner 
100 are activated according to an externally applied 
channel tuning data SD (not shown) to PLL channel se- 
lect circuit 45. PLL channel select circuit 45 controls the 
oscillation frequencies of local oscillation circuits 12-14 
according to channel tuning data SD corresponding to 
the desired channel for reception (referred to as "recep- 
tion channel" hereinafter). At the same time, any of input 
select circuits 18, 19 and 20 corresponding to the de- 
sired band information for reception (referred to as "re- 
ception band" hereinafter) is actuated to switch the pow- 
er supply to each reception circuit group. 
[0057] The circuit operation corresponding to each 
band will be described now. The CATV signal received 
at input terminal 1 passes through HPF 2. The high fre- 
quency signal from HPF2 is applied to input select cir- 
cuits 18, 19, and 20 for selection of the reception band. 
Then, the high frequency signal is guided by input tuning 
circuits 3, 4 and 5 for high frequency amplifier for chan- 
nel selection. The signals of the channel other than 
those of the reception channel are attenuated. The sig- 
nal of the reception channel is amplified by high frequen- 
cy amplifiers 6, 7 and 8 for subsequent processing ac- 
cording to the AGC voltage applied through AGC termi- 
nal 16. The amplified signal is output via output tuning 
circuits 21, 22 and 23 for RF amplifier. 
[0058] The signal of the reception channel is further 
applied to mixer circuits 9, 10 and 11 and local oscillation 
circuits 12, 13 and 14 to be converted into an IF signal. 
More specifically, an IF signal having a frequency cor- 
responding to the difference between the frequency of 
the reception channel and the oscillation frequency of 
the local oscillation circuit is output and amplified by in- 
termediate frequency amplify circuit 42. The amplified 
signal passes SAW filter 43 to be amplified again by in- 
termediate frequency amplifier circuit 44. 
[0059] The amplified IF signal from intermediate fre- 
quency amplify circuit 44 is sent to branching unit 46 to 
be branched into the two directions of buffer amplifier 
47 and down converter 58 which is a digital signal con- 
version circuit. At buffer amplifier 47, the IF signal is am- 
plified and provided from output terminal 15. Also, the 
IF signal has its frequency reduced at down converter 
58 to be converted into a baseband signal to demodu- 
late a received signal according to the QAM system. 
[0060] According to the data in the memory of a mi- 
crocomputer (CPU) not shown, the branch of buffer am- 
plifier 47 is selected when the signal applied to input ter- 
minal 1 is an analog signal and to second intermediate 
frequency amplify circuit 48 when the signal applied to 
input terminal 1 is a digital signal in channel tuning. 
[0061] In down converter 58, the IF signal from 



branching unit 46 is amplified by second intermediate 
frequency amplify circuit 48 according to the AGC volt- 
age applied through AGC terminal 1 7. This amplified IF 
signal is applied to mixer circuit 49 to be mixed with the 
5 oscillation signal from local oscillation circuit 50. Local 
oscillation circuit 50 is a fixed oscillator circuit using a 
crystal oscillator to convert the IF frequency of a re- 
ceived signal into a low IF frequency, and provides PLL 
control as local oscillation circuits 12-14 that convert the 
10 received signal into an IF signal. 

[0062] The second IF signal (low IF) by the difference 
between the oscillation signal of local oscillation circuit 
50 and the IF signal or the baseband signal may be re- 
ceived as an image signal having a frequency two times 
15 that of the second IF signal. Therefore, this signal must 
be removed using LPF 51. More specifically, the signal 
output trom mixer circuit 49 has the effect of the oscilla- 
tion signal leaking from local oscillation circuit 50 re- 
moved and the removal ratio related to the image signal 

20 improved by LPF 51. The signal from LPF 51 is applied 
to post amplifier 52 to be amplified. The signal from post 
amplifier 52 is provided from output terminal 35 as a 
baseband signal to demodulate a received signal ac- 
cording to the QAM system. 

25 [0063] In the sot top box, other circuits for reception 
do not have to be provided by virtue of tuner 1 00. An 
analog IF signal and a baseband signal for demodulat- 
ing a received signal by the QAM system can be ob- 
tained. A signal for AGC control is output to the set top 

30 box by a demodulation operation according to the QAM 
system. At the set top box, the signal for AGC control is 
provided to AGC terminals 16 and 17 of tuner 100. Ac- 
cordingly, the AGC control of tuner 100 is carried out 
according to the operation of the demodulation opera- 

35 tion. Also, the up-stream signal towards CATV station 
118 can be transmitted from the set top box to CATV 
station 118 via terminal 41, up-stream circuit 40, and 
CATV input terminal 1 of tuner 100. 
[0064] The casing in which tuner 100 of Fig. 1 is ac- 

40 commodated will be described hereinafter. Convention- 
ally, down converter 58 was not incorporated in the 
same casing where the circuit of tuner 100 is incorpo- 
rated due to the local spurious problem. However, local 
spurious can be reduced by employing the casing of the 

45 present invention formed of a chassis and a shield cap 
that will be described hereinafter. Down converter 58 
and the circuits of tuner 100 can be accommodated in 
the same casing. 

[0065] An appearance of a casing 300 for accommo- 
so dating tuner circuit 1 00 of Fig. 1 is shown in Fig. 2. Cas- 
ing 300 is formed of a conductive metal plate. Casing 
300 includes a chassis 11 9 which is a rectangular frame 
of two opposing long sides and two short sides, an upper 
shield cap 120 and a lower shield cap (not shown) at- 
55 tached to chassis 1 1 9 to cover the upper opening plane 
and lower opening plane, respectively, of chassis 119, 
as shown in Fig. 2. An attachment member 71 is formed 
integrally with chassis 119. 
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[0066] Casing 300 of Fig. 2 is provided with an F ter- 
minal 121 connected to input terminal 1 of tuner 100, 
and functioning as an antenna of tuner 100. A main 
board 122 of the set top box is attached to casing 300 
of Fig. 2 via a £n attachment member 71 , as shown in 5 
Fig. 3. 

[0067] The interior of chassis 1 1 9 is divided into a plu- 
rality of segments (referred to as "compartment" here- 
inafter) by a partition of a conductive metal plate, as 
shown in Fig. 4. Respective circuits of Fig. 1 are ar- to 
ranged in various compartments as will be described 
hereinafter. In Fig, 4, the reference characters of the var- 
ious circuits of Fig. 1 arranged in respective compart- 
ments are underlined. 

[0068] Respective circuits of tuner 100 of Fig. 1 are is 
formed on a substrate of the tuner. This substrate is fix- 
edly attached to the inside of chassis 1 1 9 by solder and 
the like to be held in the cavity in casing 300. By this 
attachment, various circuits of Fig. 1 are appropriately 
stored in respective compartments shown in Fig. 4. 20 
More specifically, up-stream circuit 40 is stored in com- 
partment 60. HPF 2 is stored in compartment 61. In the 
compartment adjacent to compartments 60 and 61, in- 
put select circuits 18.19 and 20 are stored at one corner 
62 and input tuning circuits 3, 4 and 5 for high frequency 2s 
amplifier are stored at another corner 63. In the com- 
partment adjacent to compartment 67, high frequency 
amplifiers 6, 7 and 8 are stored at one corner 64, and 
output tuning circuit 22 for RF amplifier is stored at an- 
other corner 66. Also, an output tuning circuit 23 for RF 30 
amplifier is stored at another corner. For the sake of il- 
lustration, dashed lines are provided to separate corner 
62 from corner 63 and to separate corner 64 from corner 
66. 

[0069] In compartment 65, output tuning circuit 23 for 35 
RF amplifier is stored. In compartment 67, output tuning 
circuit 21 for RF amplifier is stored. In compartment 68,. . . 
intermediate frequency amplify circuit 42, SAW filter 43, 
intermediate frequency amplifier 44, branching unit 46, ' 
and buffer amplifier 47 are stored. In compartment 69, *o 
mixer circuits 9, 10 and 11, local oscillation circuits 12, 
13 and 14, andPLL channel select circuit 45 are stored. . 
In compartment 70, the respective circuits of down con : 
verier 58 are stored. Attachment member 71 of the 
chassis of Fig. 4 is provided as a guide in attaching the 45 
casing including the chassis to main board 122 of the 
set top box (refer to Fig. 3). 

[0070] By separating compartments 69 and 70 with a 
conductive partition (metal plate) as shown in Fig. 4, lo-. j # 
cal oscillation circuits 1 2, 1 3, 1 4 in compartment 69 and so 
local oscillation' circuit 50 in compartment 70 are elec- : " 
tromagnetically shielded to reduce local spurious. Thus, 
down converter- 58 and tuner 100 can tie accommodat- 
ed in the same' casing. 

[0071] At the side surface in the longitudinal direction 55 
of the chassis of Fig. 4, a plurality of fixtures 79, a plu- 
rality of concave portions 80 and a plurality of holes for 
wiring including holes 74 - 78 are provided as shown in 



Fig. 5. 

[0072] The plurality of fixtures 79 and concave por- 
tions 80 serve to firmly attach the substrate on which 
are preformed the circuits of tuner 100 of Fig. 1 within 
the chassis. The plurality of concave portions 80 serve 
to reinforce the chassis when the substrate is fixed with- 
in the chassis. 

[0073] For example, data terminal 41 is provided at 
hole 74 to input an up-stream signal from the television 
set to tuner 100 via the set top box. Output terminal 15 
and AGC terminals 16 and 17, and output terminals 35 
are provided at holes 75, 76, 77 and 78, respectively. 
[0074] A sectional view taken along A-A of Fig. 4 is 
shown in Fig. 6. Each compartment is partitioned by a 
conductive metal panel as shown in Fig. 4. The com- 
partments of Fig. 6 corresponding to the compartments 
of Fig. 4 have the same reference characters allotted. It 
is to be particularly noted that compartment 69 in which 
local oscillator circuits 12, 13 and 14 are stored is sep- 
arated from compartment 70 in which local oscillation 
circuit 50 is stored. The partition wall dividing compart- 
ments 69 and 70 is shown in Fig. 7. The metal panel of 
Fig. 7 blocks local oscillation circuits 12, 13, 14 from lo- 
cal oscillationcircuitSOelectromagnetically, so that local 
spurious is reduced without mutual interference. 
[0075] Referring to Fig. 8, shield cap 1 20 attached to 
chassis 119 is formed of a conductive metal panel sim- 
ilar to that of chassis 119. A member 81 on shield cap 
120 of Fig. 8 is located relative to compartment 70. 
Member 81 has a leaf spring configuration protruding 
towards the interior of the casing as shown in Fig. 9 to 
reduce the spacing within compartment 70. As a result, 
the electromagnetic shielding effect is improved. The 
cross section of member 81 relative to compartment 7 
is not limited to a leaf spring configuration as in the 
present embodiment. A similar electromagnetic block- 
ing effect can be provided by a structure that reduces 
the spacing in compartment 70 such as a general con- 
vex member provided at the inner side of the casing. 
[0076] A plurality of projections 82 to attach shield cap 
1 20 to chassis 1 1 9 are formed at substantially constant 
intervals along the entire perimeter of shield cap 120. 
Projection 82 is bent in a shape 83 when viewed from 
the side. By attaching an upper shield cap 120 and a 
lower shield cap not shown to chassis 11 9 via such plu- 
rality of projections 82, electromagnetic sealing is pro- 
vided for the internal circuit group for each compartment 
of Fig. 4. 

[0077] The configuration of shield cap 1 20 of Fig. 2 is 
not limited to that of Fig. 8, and may have a configuration 
as shown in Fig. 11. Referring to Fig. 11, a member 85 
above shield cap 124 has a cross section of C-C in a 
leaf spring configuration as shown in Fig. 9. Therefore, 
an electromagnetic shielding effect similar to that of 
shield cap 120 of Fig. 8 can be obtained. A plurality of 
partial cut-out portions 86 are provided on shield cap 
120 to further improve the electromagnetic shielding ef- 
fect. The configuration of partial cut-out portion 86 is 
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shown in an enlarged manner in Figs. 12A and 12B. A 
portion of the surface of shield cap 120 is cut to form 
portion 86. The cut portion is bent inwards the casing. 
Each portion 86 is not completely cut out, and has a con- 
figuration in which the width is largest at the joint portion 
90 with shield cap 124 and smaller towards the other 
end. 

[0078] The spacing within the casing is further re- 
duced by provision of the plurality of partial cut-out por- 
tions 86 to further reduce local spurious. Holes 87 and 
88 provided at shield cap 124 of Fig. 11 are used as 
holes TP (test point) for adjustment. 
[0079] According to the present embodiment, the cas- 
ing of tuner 100 has a structure to accommodate local 
spurious by dividing the interior into compartments. 
Thus, a tuner 100 with down converter 58 of Fig. 1 in- 
corporated in the same casing can be obtained. The set 
top box can provide an analog IF signal or a baseband 
signal for demodulation according to the QAM system 
corresponding to the analog/digital input signal from ca- 
ble 114 by just the provision of tuner 100 without the 
need of other circuitry. 

[0080] In the case where tuner 1 00 of the present em- 
bodiment is provided with the set top box, the signals 
applied to AGC terminals 16 and 17 are AGC voltage 
signals transmitted from the circuit for demodulation and 
the like according to the QAM system in circuit for cable 
modem. Therefore, tuner 100 of the present embodi- 
ment is particularly applicable to a set top box. 
[0081] In Fig. 13, a cable modem 117 including a 
QPSK transmitter 115 and a QAM demodulation circuit 
500, and a cable modem tuner 100 is provided within a 
set top box 400 that is connected to a TV set 700. 
[0082] An up-stream digital signal from QPSK trans- 
mitter 1 15 is transmitted to CATV station 11 8 via set top 
box 400, tuner 100, and cable 114. 
[0083] The down-stream signal transmitted from 
CATV station 118 is received by tuner 100 to be applied 
to set top box 400 as an I F signal in the case of an analog 
signal, whereby video or audio is output in TV set 700. 
When the received signal is a digital signal, the signal 
is applied to QAM demodulation circuit 500 as a base- 
band signal to demodulate a received signal. The signal 
is subjected to a demodulation process in QAM demod- 
ulation circuit 500 to be output as a digital signal. At this 
stage, the aforementioned AGC voltage signal from 
QAM demodulation circuit 500 is applied to tuner 100. 

Second Embodiment 

[0084] Tuner 1 00 of the previous first embodiment in- 
cludes a down converter 58 that carries out demodula- 
tion according to the QAM system, functioning as a con- 
version circuit corresponding to the case where a digital 
signal modulated according to QAM system is received. 
In contrast, a cable modem tuner 126 incorporated in 
cable modem 125 of Fig. 14 of the second embodiment 
(generically referred to as "tuner" hereinafter) 126 in- 



cludes an IQ demodulation circuit 59 as a digital signal 
conversion circuit instead of down converter 58, and 
output terminals 36 and 37 instead of output terminal 
35. IQ demodulation circuit 59 carries out demodulation 

$ according to the QPSK system when a digital signal 
modulated according to the QPSK system is received. 
The remaining circuits of tuner 126 of Fig. 14. besides 
output terminals 36 and 37 and IQ demodulation circuit 
59 are similar to those of tuner 100 of Fig. 1 without down 

?0 converter 58. Therefore, corresponding components in 
Fig. 14 have reference characters corresponding to 
those of Fig. 1 allotted, and their description will not be 
repeated. 

[0085] IQ demodulation circuit 59 includes a second 

'5 intermediate frequency amplify circuit 48 having its gain 
controlled according to the level of the input signal of 
AGC terminal 1 7, mixer circuits 49 and 53, a local oscil- 
lation circuit 50, LPFs 51 and 54, post amplifiers 52 and 
55 connected to output terminals 36 and 37, and a 

20 phase control circuit 56. 

[0086] IQ demodulation circuit 59 outputs the input 
signal from branching unit 46 as an I signal (synchro- 
nous component signal), and a baseband signal of a Q 
signal (quadrature phase component signal). 

2S [0087] Branching unit 46 provides the IF signal output 
from intermediate frequency amplify circuit 44 to buffer 
amplifier 47 and IQ demodulation circuit 59. When the 
signal applied to input terminal 1 is an analog signal as 
in Fig. 1 , the branch is set to buffer amplifier 47. When 

30 the input signal is a digital signal, the branch is set to 
second intermediate frequency amplify circuit 48 of IQ 
demodulation circuit 59. In IQ demodulation circuit 59, 
the IF signal from branching unit 46 is amplified by in- 
termediate frequency amplify circuit 48 according to the 

35 AGC voltage applied to AGC terminal 1 7. The amplified 
signal is provided to mixer circuits 49 and 53. In IQ de- 
modulation circuit 59, the oscillated signal from bcal os- 
cillation circuit 50 is output as two types of signals with 
the phase shifted by n 12 (90 degree) from each other 

40 by phase control circuit 56. The signals offset by rc 12 
from each other are applied to mixer circuits 49 and 53. 
In mixer circuits 49 and 53, the IF signal from interme- 
diate frequency amplify circuit 48 is mixed with the signal 
output from phase control circuit 56 to be provided to 

45 LPFs 51 and 54. At LPFs 51 and 54, the effect of the 
oscillated signal leaking from local oscillation circuit 50 
is removed and the removal ratio associated with the 
image signal is improved. Accordingly, conversion into 
an I signal associated with the received signal and a 

so baseband signal of a Q signal associated with the re- 
ceived signal is effected. The output signals from LPFs 
51 and 54 are amplified by post amplifiers 52 and 55. 
The amplified signals are output as the I signal and the 
baseband signal of the Q signal to demodulate the re- 

55 ceived signal according to the QPSK system from output 
terminals 36 and 37. 

[0088] A casing similar to that described in the first 
embodiment is used for the casing to accommodate the 



8 



15 



EP0 911 962 A1 



16 



circuits of tuner 1 26 of the present embodiment. The ar- 
rangement of the circuits in chassis 119 of tuner 126 is 
shown in Fig. 1 5. Referring to Fig. 1 5, a plurality of com- 
partments are provided in an arrangement similar to that 
of Fig. 4. It is to be noted that the circuit group of IQ s 
demodulation circuit 59 is stored in compartment 70 in- 
stead of the circuit group of down converter 58 of Fig. 
4. The circuits stored in the other compartments are 
identical to those of Fig. 4, and description thereof will 
not be repeated. 10 
[0089] AS shown in Fig. 1 4, compartment 69 in which 
local oscillation circuits 1 2 - 14 are stored and compart- 
ment 70 in which local oscillation circuit 50 is stored are 
electromagnetically shielded by a conductive metal 
plate of Fig. 7 provided in the direction of B-B of Fig. 1 4. *5 
Since local spurious is reduced, tuner 126 and IQ de- 
modulation circuit 59 can be stored in the same casing. 
Any of the shield caps shown in Figs. 8 and 11 can be 
used for the shield cap of the casing incorporating tuner 
126. 20 
[0090] In Fig. 16, a cable modem 125 including cable 
modem tuner 1 26, QPSK transmitter 1 1 5 and QPSK de- 
modulation circuit 600 is provided within a set top box 
401 connected to a TV set 701 . 

[0091] The up-strcam digital signal from QPSK trans- 2& 
mitter 1 1 5 is sent to CATV station 1 1 8 via tuner 1 26, and 
cable 114. 

[0092] The down -stream signal from CATV station 
118 is received and processed by tuner 126. The proc- 
essed signal is applied to set top box 401 as an IF signal 30 
in the event of an analog signal for video or audio output 
in TV set 701 . In the event of a digital signal, the signal 
is applied to QPSK demodulation circuit 600 as an I sig- 
nal and a baseband signal of a Q signal to demodulate 
the received signal. The signal is subjected to demodu- 35 
lation by QPSK demodulation circuit 600 to be output as 
a digital signal. Here, the aforementioned AGC; voltage 
signal from QPSK demodulation circuit 600 is a(bplie<jl to 
tuner 126. 

[0093] Although the present invention has been de- 40 
scribed and illustrated in detail, it is clearly understood 
that the same is by way of illustration and example only 
and is not to be taken by way of limitation, the spirit and 
scope of the present invention being limited only by the 
terms of the appended claims. ■ 45 2. 



Claims 

1 . A cable modem tuner ( 1 00, 1 26) connected for com- — _. 
munication with a CATV station (118) via a cabie 
(1 1 4) of a broad band, comprising, in a same casing 
(300): 

an up-stream circuit unit (40) for sending an up- 
stream data signal towards said CATV station 3. 
on said cable, and 

a receiver unit to receive and process a down- 



stream signal from said CATV station while re- 
moving said up-slream data signal, 

. wherein said receiver unit comprises 

a select unit (18 - 20) selecting and providing a 
signal out of signals received via said cable, 
corresponding to a desired system among a 
plurality of systems that includes at least two 
systems according to a frequency band, 
a first tuning unit (3 - 5) tuning a signal output 
from said select unit toa desired high frequency 
in respective said plurality of systems, 
a high frequency amplify unit (6 - 8) amplifying 
a signal output from said first tuning unit in re- 
spective said plurality of systems for output, 
a second tuning unit (21 - 23) tuning a signal 
output from said high frequency amplify unit to 
said desired high frequency in respective said 
plurality of systems, 

a frequency converter unit (38) including a first 
oscillator unit (10-14) toconvert a signal output 
from said second tuning unit into a signal of a 
desired intermediate frequency using an oscil- 
lation signal of said first oscillator unit in respec- 
tive said plurality of systems for output, ■ 
an intermediate frequency amplify unit (42 - 44) 
provided in common to said plurality of systems 
to amplify a signal from said frequency convert- 
er unit for output, and 

a signal conversion unit (58, 59) including a 
second oscillator unit (50) to convert an applied 
input signal into a signal for demodu lation to de- 
modulate said received signal from said inter- 
mediate frequency amplify unit using an oscil- 
lation signal of said second oscillator unit for 
output, 

wherein the signal output from said intermedi- 
ate frequency amplify circuit is output outside 
when said down-stream signal received is an 
analog signal, and processed in said signal 
conversion unit when said received down- 
stream signal is a digital signal. 

The cable modem tuner according to claim 1, 
wherein said signal for demodulation is a baseband 
signal used to demodulate a received signal ac- 
cording to a QAM (Quadrature Amplitude Modula- 
tion) system, and said signal conversion unit in- 
cludes a down converter (58) to convert an applied 
input signal into said baseband signal for output by 
reducing the frequency, when a digital signal mod- 
ulated according to the QAM system is received as 
said down-stream signal. 

The cable modem tuner according to claim 2, said 
receiver unit further comprising an output unit (46, 
47, 1 5) receiving a signal output from said interme- 
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diate frequency amplify unit to output the signal said 
outside and said signal conversion unit. 

The cable modem tuner according to claim 3, 
wherein s?rdd output unit includes a branching unit 5 
(46) receiving a signal output from said intermediate 
frequency amplify unit and branching the signal into 
two directions, said branching unit being connected 
to said signal conversion unit in one of said two di- 
rections, and to a terminal unit (1 5) in the other di- io 
rection to output the signal said outside. 

The cable modem tuner according to claim 1, 
wherein said casing is formed of a conductive ma- 
terial, wherein said casing has an interior divided is 
into a plurality of compartments (60 - 70) by a wait 
of said conductive material to arranged each portion 
of said cable modem tuner, said frequency conver- 
sion unit and said signal conversion unit being ar- 
ranged in different compartments. 20 

The cable modem tuner according to claim 1, 
wherein said casing includes a chassis (119) form- 
ing a side surface, and two caps forming upper and 
lower surfaces to shield said casing, 25 

wherein a convex portion (81) formed protrud- 
ing towards the interior of said casing is provid- 
ed at a portion of one (120) of said two caps 
corresponding to said compartment in which 30 
said signal conversion unit is arranged. 

The cable modem tuner according to claim 1, 
wherein said signal for demodulation includes an I 
(synchronous component) signal and a baseband 35 
signal of a Q (quadrature phase component) signal 
used to demodulate a received signal according to 
a QPSK system (Quadrature Phase Shift Keying) 
system, and said signal conversion unit is an IQ de- 
modulation circuit (59) converting an applied input 40 
signal into said I signal and said baseband signal of 
the Q signal for output, when a digital signal modu- 
lated according to said QPSK system is received as 
said down-stream signal. 

45 

The cable modem tuner according to claim 1, 
wherein said cable modem tuner is provided at a 
set top box (400, 401) for connecting a television 
set (700, 701 ) and said cable. 

so 

A cable modem tuner (1 00, 1 26) connected for com- 
munication with a CATV station (118) via a cable 
(1 1 4) of a broad band, comprising, in a same casing 
(300): 

55 

an up-stream circuit unit (40) for sending an up- 
stream data signal towards said CATV station 
on said cable, and 



a receiver unit to receive and process a down- 
stream signal from said CATV station while re- 
moving said up-stream data signal, 

wherein said receiver unit comprises 

a select unit (18 - 20) receiving a signal via said 
cable to select a signal of a desired frequency 
band among a plurality of frequency bands in- 
cluding at least two frequency bands, 
a frequency conversion unit (37, 38) including 
a first oscillator unit (12-14) corresponding to 
respective said plurality of frequency bands to 
convert said desired frequency band signal out- 
put from said select unit into an intermediate 
frequency signal of a desired channel using an 
oscillation signal of a corresponding one of plu- 
rality of said first oscillator units for output, and 
a signal conversion unit (58, 59) including a 
second oscillator unit (50) to receive an applied 
signal and converting said applied signal into a 
signal for demodulation used to demodulate 
said received signal using an oscillation signal 
of said second oscillator unit, 
an output signal of said frequency conversion 
unit being output outside when said received 
signal is an analog signal, and being output via 
said signal conversion unit when said received 
signal is a digital signal. 

1 0. A cable modem tuner comprising a casing compris- 
ing a plurality of compartments, a frequency con- 
verter unit and a signal conversion unit, wherein the 
frequency converter unit and the signal conversion 
unit are arranged in different compartments. 
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